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Many-Body Physics with photons
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Phase Transitions

Classical
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Coupling to the external world




Coupling to the external world

@ Rich phase diagram

@ Modified critical behavior

m  Equilibrium vs non-equilibrium (symmetry-
breaking,...)

@ Nature of the coupling and properties of the bath
(non-equilibrium environments)

®m  Engineered baths



Dissipative phase transitions

Order parameter - a property of the system

System + environment
(in equilibrium)

Order Paramete
Order Parameter

steady state




A variety of systems ...

Optical lattices with
engineered dissipation
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BEC in cavities (Esslinger group)



Master equation

p=—i[H,p] + L|p]

Competition of external driving and dissipation

Models with competition of strong local
correlation and delocalisation




Coupled cavity arrays

Andrew Houck group

microwave
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Coupled cavity arrays

H = Zh —tz aaj—khc)

<19>

h; 7=" Jaynes-Cummings model

hi = eo, +wa'a+ Bla’o_ + ao)

Hohenadler, et al 2011

Rossini and Fazio 2007



Coupled cavity arrays

Pumping

microwave
- (_ resonator

-
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Coupled cavity arrays

e,

Pumping

Photon leakage

)Lsc qubit

Ultra-strong coupling (Rabi-Hubbard model)

|deal platform to study
dissipative transitions




Steady state phase diagram
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Steady state phase diagram

Sublattice phase synchronization
(superfluidity)
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Dissipative phase transitions - approach to the steady states

p=—i[H,p]+ Llp]

Spontaneous breaking of time-translational invariance
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Chan et al arXiv:1501.0979 discuss these limit cycles in the steady state



Conclusions

K Dissipative phase transitions in artificial networks: a
very rich arena to investigate critical phenomena out

of equilibrium

m A large variety of experimental systems:



